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(54) HIGHLY PROTON-CONDUCTIVE ELECTROLYTE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a highly proton- 
conductive electrolyte having high ion exchange capacity and a 
sufficient degree of dissociation in a low-humidity environment 
while exhibiting practical strength. 
SOLUTION: A superacid group is incorporated into a 
hydrocarbyl polymer in an amount of at least 1 .20 
milliequivalent/g in terms of the ion exchange capacity. As the 
superacid group, is preferably employed a fluorine-containing 
sulfonic acid group or a fluorine-containing sulfonimide group 
having a structure consisting of a sulfonic or sulfonimide group 
having an adjacent electron- withdrawing fluorocarbon. Further, 
as the hydrocarbyl polymer, is preferably employed a graft 
copolymer comprising a C-F bond-containing main chain and a 
side chain grafted thereto. 
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* NOTICES * 

JPO and NCIPX are not responsible for any 
damages caused by tbe use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The high proton conductivity electrolyte characterized by consisting of a hydrocarbon system 
macromolecule and a super-strong acid radical, and introducing said super-strong acid radical more than 
1 .20 milliequivalent / g with ion exchange capacity. 

[Claim 2] The high proton conductivity electrolyte according to claim 1 characterized by said super-strong 
acid radical being a fluorine system sulfonic group or a fluorine system sulfone imide radical. 
[Claim 3] The high proton conductivity electrolyte according to claim 1 or 2 characterized by being the graft 
copolymer with which said hydrocarbon system giant molecule carried out the graft of the polystyrene to the 
principal chain including C-F association as a side chain. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the high proton conductivity electrolyte used for 
electrolytes, such as a fuel cell, water electrolysis, brine electrolysis, an oxygen enricher, a humidity sensor, 
and a gas sensor, in more detail about a high proton conductivity electrolyte. 
[0002] 

[Description of the Prior Art] Conventionally, the solid-state polyelectrolyte is known as a proton 
conductivity electrolyte. Since this solid-state polyelectrolyte has ion exchange groups, such as a sulfonic 
group and a carboxylic-acid radical, in the joining chain of solid-state polymeric materials, and this ion 
exchange group combines with specific ion firmly or it has the property which penetrates a cation or an 
anion altematively, it is fabricated a particle, fiber, or in the shape of film, and is used for various kinds of 
applications, such as electrodialysis, a diffiision dialysis, and a cell diaphragm. 

[0003] Under these circumstances, the solid-state polyelectrolyte film which fabricated for example, the 
solid-state polyelectrolyte in the shape of film is used for a polymer electrolyte fiiel cell, a water electrolysis 
eel, etc. Especially, it is observed as a clean and efficient source of power from the energy conversion 
efficiency of a polymer electrolyte fuel cell being high, and hardly taking out harmfiil matter. 
[0004] Althou^ various ion exchange membranes, such as phenolsulfonic acid film, polystyrene sulfonate 
film, and poly trifluoro styrene sulfonic-acid film, have been examined as such solid-state polyelectrolyte 
film, the perfluoro system electrolyte membrane mainly represented with current by Nafion (a trademark, 
Du Pont make) is used. 

[0005] Although the configuration is maintained with the perfluoro alkylene chain, since a bridge is not 
constructed over the perfluoro system electrolyte membrane, the ion exchange group in the side-chain 
section has a comparatively large degree of freedom, and forms the condition that a strong, hydrophobic 
principal chain part and a hydrophobic, strong hydrophilic radicd originally lived together, in the condition 
of having ionized. Since chemical stability is very highly excellent in endurance, the object for prizes of the 
perfluoro system electrolyte membrane which has such structure is carried out as an electrolyte membrane 
used under a severe condition. 

[0006] Moreover, in order to have a property more than a perfluoro system electrolyte membrane and an 
EQC and to obtain the solid-state polyelectrolyte film which can moreover be manufactured by low cost, 
various attempts are made from the former. For example, after irradiating a radiation and carrying out the 
graft of the styrene etc. to a hydrocarbon system giant molecule including C-F association, the sulfonated 
polystyrene system sulfonic acid type graft film is proposed by JP,9-102322,A. 
[0007] 

[Problem(s) to be Solved by the Invention] By the way, when application to the electric vehicle of a polymer 
electrolyte fiiel cell is considered, in order to attain miniaturization of a cooling system, improvement in the 
CO-proof nature of an electrode catalyst, and efficient-ization, to make operating temperature of a fiiel cell 
system into 100 degrees C or more is desired. Since the vapor pressure of water becomes high, if internal 
pressure of a cell is made into realistic level in such a hot case, ambient atmosphere relative humidity needs 
to fall and an electrolyte membrane needs to have sufficient proton conductivity in a damp environment. 
[0008] Moreover, in order to avoid the problem of simplification and freezing of a winter season of a 
system, there is a demand of wanting to lose the humidification from the outside by pure water, but since it 
must stop having to maintain the ambient atmosphere inside a fiiel cell at a damp or wet condition only with 
generation water when humidification is lost, it becomes a damp environment similarly. 
[0009] However, generally a polymer electrolyte fiiel cell is usually operated below 100 degrees C. The 
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perfluoro system electrolyte membrane with which this is represented by Nafion is because it comes to have 
proton conductivity by carrying out water. Therefore, membranous water content (water content per 
desiccation film weight) is a very important factor, in order to discover proton conductivity, the film must be 
held to sufficient moisture state and moisture management is needed. So, although humidification to reactant 
gas must usually be performed at the time of cell actuation, hxunidifying to the film does not become enough 
[ an elevated temperature 100 degrees C or more ], but the problem that proton conductivity falls arises. 
[0010] Moreover, if it makes the amount of installation of ttie sulfonic group which is a proton conductivity 
functional group increase and it is going to raise ion exchange capacity, in order that it may secure the 
conductivity in an elevated-temperature damp environment, since a perfluoro system electrolyte membrane 
is the random copoljnner of a fluorine system sulfonic-acid monomer and tetrafluoroethylene and is the non- 
structure of cross liiikage, in order that membranous swelling may become large too much or may solubilize 
it in water, it also produces the problem that ion exchange capacity cannot be raised 1.1 milliequivalent / 
more than g, maintaining practical strength. 

[001 1] And above 120 degrees C which it is near the glass transition temperature, the molecular motion in 
the film becomes easy, structure changes, and a problem arises again also in the use as an electrolyte 
membrane over high temperature and long period of time — the film carries out a creep. 
[0012] And in addition to the further above-mentioned problem, a perfluoro system electrolyte membrane is 
difficult to manufacture, and has the fault of being very expensive. Therefore, a perfluoro system electrolyte 
membrane is used for special applications, such as a polymer electrolyte fiiel cell the object for space, or 
military, and the polymer electrolyte fiiel cell as a source of low-pollution power for automobiles etc. has 
become what has the difficult application to a noncommercial use. 

[0013] Thus, in perfluoro system electrolyte membranes, such as Nafion, sufficient conductivity in the film 
reinforcement or the elevated-temperature damp environment in an elevated temperature is not securable, 
fiael cell operation by no elevated-temperature humidifying is difficult, and, moreover, the problem of a raise 
in cost is not avoided. 

[0014] After irradiating a radiation and carrying out the graft of tiie styrene etc. to the hydrocarbon system 
giant molecule which, on the other hand, includes C-F association currently indicated by JP,9-102322,A, in 
the case of the sulfonated polystyrene system sulfonic acid type graft film, compared with perfluoro system 
electrolyte membranes, such as Nafion, it is cheap, and it is possible to make ion exchange capacity very 
high with more than 2.0 milliequivalent / g, maintaining practical strength, and high proton conductivity is 
demonstrated by the high-humidity environment 100 degrees C or less. 

[0015] However, in elevated-temperature damp environments, such as fiiel cell actuation on elevated- 
temperature the conditions of not humidifying, since the degree of dissociation of the benzenesulfonic acid 
(electric dissociation exponent— 0.6) which is an acid is low, the concentration of a proton falls with decline 
in water content, the problem that conductivity will fall arises, and fiiel cell operation by no elevated- 
temperature humidifying is difficult similarly. 

[0016] As mentioned above, although implementation of the electrolyte which discovers conductivity 
sufficient in the bottom of a damp environment became a very important technical problem in order to 
realize the fuel cell system which is stabilized under such an elevated temperature or the conditions of no 
humidifying, and can operate, it was compatible in the high degree of dissociation in high ion exchange 
capacity and a high damp environment, having practical reinforcement, and the electrolyte which has proton 
conductivity sufficient also in an elevated-temperature damp environment did not exist until now. 
[0017] The technical problem which is going to solve this invention is to offer a high proton conductivity 
electrolyte with sufficient degree of dissociation in high ion exchange capacity and a high damp 
environment, there being no above-mentioned problem and having practical reinforcement. 
[0018] 

[Means for Solving the Problem] The high proton conductivity electrolyte built over this invention in order 
to solve this technical problem consists of a hydrocarbon system macromolecule and a super-strong acid 
radical, and makes it a sximmary to introduce said super-strong acid radical more than 1 .20 milliequivalent / 
g with ion exchange capacity. 

[0019] It is desirable to use for a hydrocarbon system macromolecule the graft copolymer which carried out 
the graft of the side chain to the principal chain including C-F association here. Moreover, it is desirable to 
use the fluorine system sulfonic group or fluorine system sulfone imide radical which has the structure with 
which the fluorination carbon of electronic suction nature adjoined the sulfonic group or the imide radical 
for the super-strong acid radical to introduce. 

[0020] Since the ion exchange group to introduce is a super-strong acid radical, also under an elevated- 
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temperature damp environment, compared with other acid radicals, the high proton conductivity electrolyte 
concerning this invention has the high degree of dissociation of a proton, and can acquire sufficient 
conductivity. Moreover, when the graft copolymer which carried out the graft of the side chain to the 
principal chain which includes C-F association as a hydrocarbon system macromolecule is used, compared 
with a perfluoro system electrolyte membrane, there is no problem of the solubilization to membranous 
swelling and water, it becomes die film with sufficient reinforcement, and ion exchange capacity can be 
raised by low cost. Moreover, high conductivity is discovered according to the synergistic effect of a super- 
strong acid radical and high ion exchange capacity. 

[0021] Therefore, when this is used for a polymer electrolyte fiiel cell, it becomes possible to be stabilized 
under an elevated temperature or a damp ambient atmosphere without a humidifier, and to operate a fiiel cell 
system. 
[0022] 

[Embodiment of the Invention] Hereafter, the gestalt of implementation of invention is explained to a detail. 
The high proton conductivity electrolyte conceming this invention consists of a hydrocarbon system 
macromolecule and a super-strong acid radical, and it comes to introduce said super-strong acid radical with 
ion exchange capacity more than 1 .20 milliequivalent / g. 

[0023] Here, as for a super-strong acid radical, what has the high degree of dissociation of a proton is said to 
the bottom of a damp environment. In especially the so-called electric dissociation exponent, -1,0 or less 
thing is desirable. The fluorine system sulfonic group or fluorine system sulfone imide radical which 
specifically has the structure with which the fluorination carbon of electronic suction nature adjoined the 
sulfonic group or the imide radical is desirable. And more specifically, what is expressed with the chemical 
structure type of following ** 1 to ** 3 is desirable. 
[0024] 

[Formula 1] - CF2 n-S03H (n= 1 or more) 
[0025] 

[Formula 2] - C(CF3) (OH)-CF2-SO3H[0026] 

[Formula 3] - CF2 n-S02-NH-S02-(CF2) m-CF3 (n= 1 [ or more ] and m= 0 or more) 
[0027] Moreover, one kind of super-strong acid radical of these may be introduced into the hydrocarbon 
system macromolecule, and two or more sorts of super-strong acid radicals may be introduced into it. In 
addition, it is not limited [ die length / of the chain of a super-strong acid radical ] especially. 
[0028] Such a super-strong acid radical shows a high proton degree of dissociation under a damp 
environment. This is because the hydrogen atom which the electron contributed to association of the 
hydrogen atom in a sulfonic group or an imide radical drew near and moved to the fluorine atom of the high 
fluorination carbon of electronic suction nature, and has been combined with the sulfonic group or the imide 
radical becomes that it is easy to be emitted as a proton by making the fluorination carbon of electronic 
suction nature adjoin a sulfonic group and an imide radical. 

[0029] Moreover, in order that the minimum of the ion exchange capacity of the super-strong acid radical 
introduced into a hydrocarbon system macromolecule may obtain high conductivity, it is 1 ,20 
milliequivalent /g, and high conductivity is obtained, so that ion exchange capacity becomes large. 
However, since maintenance of practical film reinforcement will become difficult and the film deformation 
by humidity and desiccation will serve as size if ion exchange capacity becomes superfluous, it is not 
desirable. Below 5 milliequivalent / g are desirable still more desirable, and, specifically, below 3 
milliequivalent / g are desirable. 

[0030] Next, a hydrocarbon system macromolecule is used for the high proton conductivity electrolyte 
conceming this invention as a base ingredient which introduces a super-strong acid radical. Here, a 
hydrocarbon system macromolecule means that by which C-H coupling is included in either of the 
macromolecule chains, and the high molecular compound with which a part of C-H coupling was permuted 
by C-F association is also contained. (However, the perfluoro macromolecule with which all C-H coupling 
' is permuted by C-F association is removed) . Such a macromolecule chain of a hydrocarbon system 
macromolecule may have the shape of a straight chain, and a side chain. 

[0031] And it is desirable that it is the graft copolymer with which the hydrocarbon system macromolecule 
carried out the graft of the side chain to the principal chain including C-F association preferably. 
[0032] As such a hydrocarbon system giant molecule, polystyrene-graft-ethylene tetrafluoroethylene 
copol3mier, polystyrene-graft-polytetrafluoroethylene, and polystjo-ene-graft-polyvinylidene fluoride, a 
polystyrene-graft-hexafluoropropylene tetrafluoroethylene copolymer, polystyrene-graft-polyethylene, etc. 
are mentioned as an example. 
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[0033] Instead of styrene, as a monomer which carries out a graft, of course, easily Next ** 4-6 which can 
introduce a super-strong acid radical, CX1X2=CX3- (functional group as which XI, X2, and X3 are chosen 
from a halogen, H, alkyl, phenyl, etc.), etc., CH2=CH- in which a polymerization is possible, CH2=C(CH3)- 
CO-, CH2=CH-CO-, [0034] which may be the combination of arbitration, such as CH2=CH-COO-, 
CH2=CH-CO-NH-, CF2=CF-, and CX1X2=CX3- (functional group as which XI, X2, and X3 are chosen 
from a halogen, H, alkyl, phenyl, etc.) 
[Formula 4] 

CH2-)Y(^N (n = 1-2 0) 

[0035] 
[Formula 5] 



[0036] 
[Formula 6] 

[0037] Moreover, you may be the copolymer of alpha monomer, respectively and may be combination with 
the monomer which cannot introduce a super-strong acid radical furdier. Of course, the graft of the 
monomer which introduced the super-strong acid radical beforehand may be carried out. Moreover, when 
oxidation resistance etc. is required strongly, the thing containing a part of metal ion chelated functional 
groups, such as a phosphonic acid radical and next ** 7, is suitable. 
[0038] 
[Formula 7] 

yOH 

CHz— p=o 

\ /OH 

CH2-P=0 

[0039] Since polystyrene has the benzene ring in the chemical structure, installation of a super- strong acid 
radical becomes easy, and the graft copolymer which carried out the graft of the polystyrene to the principal 
chain including C-F association especially can be used especially suitably. 

[0040] In addition, the amount of the side chain which carries out a graft should just adjust the optimal 
amount suitably so that the ion exchange capacity of the super-strong acid radical to introduce may become 
the optimal value, corresponding to the class. 

[0041] Since the ion exchange group to introduce is a super- strong acid radical, under a high-humidity 
environment, of course, compared with other acid radicals, the high proton conductivity electrolyte 
concerning this invention has the high degree of dissociation of a proton, and can secure sufficient 
conductivity in the bottom of an elevated-temperature damp environment. 

[0042] Moreover, when the graft copolymer which carried out the graft of the side chain to the principal 
chain including C-F association as a hydrocarbon system macromolecule is used, electrolytic reinforcement 
is fully maintained by existence of the crystalline high trunk domain of a principal chain, and it becomes 
possible to raise ion exchange capacity, there being no problem of membranous swelling becoming large too 
much by low cost more, or solubilizing in water, and maintaining practical reinforcement compared with a 
perfluoro system electrolyte membrane. Moreover, high conductivity is discovered according to the 
synergistic effect of a super-strong acid radical and high ion exchange capacity. 
[0043] Thus, since it excels in reinforcement and the conductivity under an elevated-temperature low 
humidity environment when the high proton conductivity electrolyte obtained is used as solid-state 
polyelectrolyte film of a polymer electrolyte fuel cell, the improvement in system operating temperature and 
humidifier loess become possible. Consequently, miniaturization of a fuel cell system, improvement in the 
CO-proof nature of an electrode catalyst, anti-ff eeze-proof-ization, etc. can be realized now. 
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[0044] 

[Example] This invention introduces a super-strong acid radical with a high degree of dissociation into the 
hydrocarbon system macromolecule which has high ion exchange capacity also in a damp environment, 
having practical strength in order to give conductivity sufficient in the bottom of a damp environment. The 
suitable example of this invention is explained with reference to a table and a drawing below at a detail. 
[0045] (Example 1) 

(Composition of the base graft film) First according to the following procedures, the base graft film was 
produced. That is, as it is, it started in the square configuration of 50mmx50mm, using the ethylene- 
tetrafluoroethylene copolymer film (ETFE film) with a thickness of 17 micrometers as a poly membrane 
including C-F association which carries out a grafts and after putting the film into the thin plastic bag and 
sealing it in argon atmosphere, the electron ray of 5kGy was irradiated. Subsequently, after putting in the 
styrene monomer and the ETFE film which carried out electron beam irradiation which carried out vacuum 
distillation and sealing in the separable flask which attached the method cock of three, bubbling of the 
nitrogen was introduced and carried out and degassing of dissolved oxygen was performed. Then, it was 
immersed in the 60-degree C water bath, and the polystyrene graft chain was introduced by making it react 
for 10 hours. Thus, chloroform washed the obtained film twice and it was immersed into still a lot of 
chloroform, and extract removal was carried out, the vacuum drying of the non-graft component (an 
unreacted monomer and gay polystyrene) was carried out, and the base graft film was obtained. A styrene 
monomer is shown in the ETFE film and ** 9, and the structure expression of the base graft film is shown in 
** 8 at ** 10, 
[0046] 
[Formula 8] 

-(-CH2-CH2-C F2-C F2 -f-^ ^ 

[0047] 
[Formula 9] 

CH=CH2 



6 



[0048] 

[Formula 10] 

-^CHz-CH-C Rj-C Fa CHz-CHa-C Rt-C F=a-^ 
CH2 

[0049] (Installation of a super-strong acid radical) The chloro methyl group was introduced into the styrene 
ring in the film by immersing the base graft film obtained next at a room temperature in the solution of a 
carbon disulfide, chloromethyl methyl ether, and a zinc chloride, and agitating a solution for 72 hours. Then, 
the obtained film performed washing and desiccation by ethanoL After having carried out ring current 
processing, sulfonate-izing this film with the acetone / water (5:3) mixed solvent containing Na2S03 of the 
equivalent and making it react at 60 degrees C in the sulfolane / acetonitrile mixed solvent of POC13 fiirther, 
it processed in 2 of the neopentyl alcohol of the amount of 1 . 1 times, and the amount of 1 . 1 5 times, 6- 
Lutidine, and THF, and alkyl esterification was performed. It w£is immersed into t-butyl lithium liquid at -78 
degrees C here, and NFSi of an amount was added 1.2 times and it fluorinated. Finally it returned and 
hydrolyzed in LiBr / butanone solution of the amoimt of 1 . 1 times, it was immersed into 6-N hydrochloric 
acid, and the fluorine system sulfonation graft film was compounded. This super-strong acid film is made 
into an example 1, and that structure expression is shown in** 11 (** 11 is also the structure expression of 
the example 2 mentioned later, an example 3, and the example 4 of a comparison). 
[0050] 

[Formula 11] 

-(-CH2-CH-C Fz-C Fa -)-^ CHa-CHa-C F2-C Fa-)-; 
CHa 

^H-^^C F2-SO3 H 
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[0051] (Measurement of ion exchange capacity) Next, ion exchange capacity was me2isured. That is, the 
vacuum drying of the super-strong acid film of the example 1 acquired by the above-mentioned technique 
was carried out at 1 00 degrees C overnight, and membranous dry weight was measured. Subsequently, 2Ns 
It was inmiersed for about 10 minutes at 50 degrees C into the NaCl water solution. Then, it is O.lNs about 
the amoxint of hydrogen ions emitted into the NaCl water solution. The neutralization titration was carried 
out using the NaOH water solution, and membranous ion exchange capacity was calculated by flie following 
several 1 formulas. 
[0052] 

[Equation 1] lon-exchange-capacity, equivalent /[g] =0.1x[0.1NNaOH water-solution [ which neutralization 
took ], and l]/[membranous dry weight and g] 

[0053] (Measurement of conductivity) Next, conductivity was measured. That is, the membrane resistance 
of the super-strong acid film of an example 1 was measured by 2 terminal alternating current (IkHz) under 
100-degree-C humidity control. Here, measurement was performed in order by the side of [ a low hximidity 
side to ] high humidity (relative humidity RH=50%->100% order), and the value after holding fi"om 30 
minutes for 1 hour or more was recorded until it was stabilized with the monograph affair. And conductivity 
was computed by the following several 2 formulas. Here, the thing in the condition of having dried was used 
for the membranous dimension. 
[0054] 

[Equation 2] [Conductivity and S/cm] =x[electrical conduction cross-section and cm2]/[inter-electrode 
distance and cm] 

[0055] (Membranous practical strength evaluation) Next, the existence of the differential pressure leak of 
gas based on a tear and crack of the film at the time of an electrode / film zygote production performed 
practical strength evaluation of the super-strong acid film of an example 1 . Here, the electrode (ELAT gas 
diffusion electrode made fi-om E-TEK which applied and dried the ink which becomes a front face from 
platinimi support carbon (0.4 mgPt/cm2) and the Nafion solution), and the electrolyte were put into the 
mold, and were joined with the hotpress (120 degrees C, 50kg/cm2, 15 minutes). At this time, what 
sometimes leaks the thing of x and leak which W2is not by O and the repeat for what carried out differential 
pressure leak was evaluated as **. 

[0056] (Fuel cell dry steady operation evaluation) Next, evaluation by fuel cell dry steady operation was 
performed. Namely, an electrode surface product = the stability of the electrical potential difference was 
investigated, maintaining the current density of 0.5 A/cm2 on condition that [ dry ] the eel temperature of 80 
degrees C, and two-poles room temperature himiidification using the eel of 2 13 cm. 
[0057] (Example 2) Except having set electronic quantity of radiation to lOkG(ies), according to the same 
procedure as an example 1, the fluorine system sulfonation graft film was compounded and the 
measurement and evaluation same about the super-strong acid film of the acquired example 2 as an example 
1 were performed. 

[0058] (Example 3) Except having set electronic quantity of radiation to 30kG(ies), according to the same 
procedure as an example 1 , the fluorine system sulfonation graft film was compounded and the 
measurement and evaluation same about the super-strong acid film of the acquired example 3 as an example 
1 were performed. 

[0059] (Example 4) The fluorine system sulfonic group was introduced into the base graft film obtained at a 
process in the middle of an example 1 by the single step. That is, it was inmiersed for two days into the 2- 
keto pentafluoro propane sulfonic acid, and the base graft film expressed with ** 10 was formed into the 
fluorine system sulfonic acid. The obtained film dried by washing by ethanol. Thus, the compound super- 
strong acid film was made into the example 4, and the same measurement and evaluation as an example 1 
were performed. The structure expression of this example 4 is shown in ** 12. 
[0060] 

[Formula 12] 

-(-CH2-CH-C Fz-C Fa CHa-CHs-C Fi-C Fa-^ 
^H2 OH 

CF3 

[0061] (Example 5) The fluorine system sulfonic group was introduced into the base graft film obtained at a 
process in the middle of an example 1 . That is, the octafluoro butyl sulfonic acid was formed by processing 
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the film which was immersed into polar solvents, such as an acetonitrile containing Na2S04 and octafluoro 
BUTANJI iodide, and was obtained in the b£ise graft film expressed with ** 10 with hydrogen peroxide 
solution, and processing in 6-N hydrochloric acid after that. The obtained fihn dried by washing by ethanol. 
Thus, the compound super- strong acid film was made into the example 5, and the same measurement and 
evaluation as an example 1 were performed. The structure expression of this example 5 is shown in ** 13. 
[0062] 

[Formula 13] 

-4-CH2-CH-C Fa-C F2 CHz-CHz-C Rz-C Fa-)-; 
<pH2 

[0063] (Example 6) The fluorine system sulfone imide radical was introduced into the base graft film 
obtained at a process in the middle of an example 1 '. That is, after introducing a chloro methyl group into the 
styrene ring in the film by immersing the base graft film in the solution of a carbon disulfide, chloromethyl 
methyl ether, and a zinc chloride at a room temperature, and agitating a solution for 72 hours, it processed 
and amine-ized with ammonia. The perfluoro butane (FS02-(CF2)4-S02F) which has the both-ends 
sulfonyl fluoro RAIDO radical of an excessive amount was made to act on this amine-ized graft film, and 
the super-strong acid film was compoxmded. The obtained super-strong acid film was made into the example 
6, and the same measurement and evaluation as an example 1 were performed. The structure expression of 
this example 6 is shown in ** 14. 
[0064] 

[Formula 14] 

-(-CH2-CH-C F=2-C F2 CHz-CHa-C F^-C F2->7 
CH2 

^H-^^^CM2-NH SQ2-(C 1=2)^-503 H 

[0065] (Example 7) The imide compound (FS02-(CF2)4-S02-NH-S02-CF3) which has the end sulfonyl 
fluoro RAIDO radical of an excessive amount was made to act on the amine-ized graft film obtained at a 
process in the middle of an example 6, and the super-strong acid film was compoimded. The obtained super- 
strong acid film was made into the example 7, and the same measurement and evaluation as an example 1 
were performed. The structure expression of this example 7 is shown in ** 15. 
[0066] ^ 
[Formula 15] 

-<-CH2-CH-C F2-C F2 CHs-CHa-C F^-C Fa-^^ 

^H-^3"'^H2-NHS02-^3F2)4^S02NHS02-C Fa 

[0067] (Examples 1 -3 of a comparison) The base graft film obtained at a process in the middle of examples 
1-3, i.e., the base graft film which carried out 30kGy exposure of the electron ray 10 kGy 5 kGies, 
respectively, was put in into the separable flask, and 1,1,2, and 2-tetrachloroethane (TCE) 150ml was 
added. Then, it held at 90 degrees C with the room temperature for about 4 hours for 1 hour, adding and 
agitating the TCE (100ml) solution of 50ml of chlorosulfonic acids. Each obtained base graft film was 
immersed in order of (1) TCE and (2) deionized water, (3) ethanol (in order to remove Survival TCE), and 
(4) deionized water, and was washed. Next, in 2NKOH water solutions, 80-85 degrees C was washed by 
deionized water, after carrying out immersion processing for about 30 minutes. One moreN 75-95 degrees C 
was immersed in H2S04 water solution for about 30 minutes, and it washed enough by deionized water, and 
considered as the sulfonation film. Each obtained sulfonation film was made into the example 1 of a 
comparison, the example 2 of a comparison, and the example 3 of a comparison, and the same measurement 
and evaluation as an example 1 were performed. The structure expression of the examples 1-3 of these 
comparisons is shown in ** 16. 
[0068] 

[Formula 16] 
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-(-CH2-CH-C Fz-C F2 -)-f CH2-CH2-C Fz-C Fz^ 



[0069] (Example 4 of a comparison) Except having set electronic quantity of radiation at the time of base 
graft film composition to IkGy, according to the same procedure as an example 1, the fluorine system 
sulfonation graft film was compoimded, the obtained film was made into the example 4 of a comparison, 
and the same measurement and evaluation as an example 1 were performed. 

[0070] (Example 5 of a comparison) tetrafluoroethylene and a sulfonyl fiitl ora — the id — Nafion 1 1 1 which 
is the random-copolymer hydro lyzate of perfluoro vinyl ether which has a radical was made into the 
example 5 of a comparison, and the same measurement and evaluation as an example 1 were performed. 
[0071] (Examples 6 and 7 of a comparison) Except that the example 5 of a comparison differed fi-om ion 
exchange capacity, the same film as the example 5 of a comparison was made into the example 6 of a 
comparison, and the example 7 of a comparison, respectively, and the same measurement and evaluation as 
an example 1 were performed. 

[0072] TTie test condition of each film and the chart about measurement / evaluation result which were 
produced as mentioned above are shown in Table 1 . Moreover, the relation between ion exchange capacity 
[ in / in drawing 1 R> 1 / a high humidity field (relative humidity RH=100%) ] and conductivity and 
drawing 2 are drawings having shown the relation between the ion excheinge capacity in a low humidity 
field (relative humidity RH=50%), and conductivity in contrast with the example of a comparison. 
[0073] 

Table 1 ] 







mis. 

{mm) 


(^'ja«/E) 




(S/cm) 
RH=100% 


(SXcm) 
RH = 50% 




Ph-CFa-SOgH 


0- 023 


1. 2 


0 


0. 18 


0. OB 




Ph-CFfi-SOaH 


0. 029 


1. 59 


0 


0. 29 


0. 12 




Ph-CFg-SOgH 


0. 02 9 


1. 96 


0 


0. 36 


0. 13 


|llfifiij4|Ph-C(CF3) (OH) -CFj-SOgH 


0. 033 


1. 73 


0 


0. 32 


0. 12 




Ph-(CF2)4— SOgH 


0. 035 


1, 51 


0 


0. 27 


0. 11 


ll£S9>|6 


Ph-CHg-NH-SOg- 
(CFfi)4-SOaH 


0. 03B 


1. 35 


0 


0. 24 


0. 1 




Ph-CHa-NH-SOg- 
(CF2)4-S02— NH— SOa— CF3 


0. 04 


1. 2 


0 


0, 23 


0. 1 




Ph-SOgH 


0. 023 


1. 28 


0 


0. 13 


0. 015 




Ph-SOflH 


0. 029 


1. 72 


0 


0. 25 


0. 045 




PK-SO3H 


0. 033 


2. 17 


0 


0. 31 


0. 054 




Ph-CFg-SOsH 


0. 021 


0. 98 


0 


0. 15 


0. 048 




Rf-SOsH 


0, 033 


0. 96 


0 


0. 23 


0. 054 




Rf-SOaH 


0. 029 


1. 05 


A 


0. 25 


0. 074 




iRf-SOgH 


0. 033 


1. 21 


X 


0; 29 


0. 1 



[0074] Although the graft film of the examples 1 -7 which introduced various super-strong acid radicals into 
the base graft film which carried out the graft of the polystyrene to the ethylene-tetrafluoroethylene 
copolymer film (ETFE film), and the examples 1 -3 of a comparison which introduced the benzenesulfonic 
acid radical has ion exchange capacity higher than Table 1 For the high crystallinity of the ETFE principal 
chain, and phase separation structure, it has comparatively high film reinforcement and no problems of 
differential pressure leak of gas based on a membranous tear and a membranous crack were generated. 
[0075] moreover, the graft film of the examples 1-3 of a comparison — drawing 1 R> — it can set to 1 and 2 
~ being highly humid (relative humidity RH=100%) — being damp (relative hximidity RH=50%), since ion 
exchange capacity is as high as more than 1 ,2 milliequivalent / g if the conductivity which can be set is 
compared Although the conductivity at the time of highly humid was comparatively as high as 0.13 - 0.31 
S/cm, the conductivity in the time of damp is 0.054 or less S/cm, and fell with 1 / 5 -. 1/6 at the time of 
highly humid remarkably. 

[0076] This is considered for the concentration of a proton to have fallen with decline in the water content in 
http://www4.ipdLncipi.go.jp/cgi-bin/tran__web_cgi_ejje 4/10/2006 



JP,2001-302721,A [DETAILED DESCRIPTION] 



Page 9 of 10 



the film, since the degree of dissociation of the benzenesulfonic acid whose graft film of the examples 1-3 of 
a comparison is an acid at the time of damp was low, and for conductivity to have fallen. For this reason, 
although steady operation was tried for the fiiel cell using these film with the current density of dry 
conditions and 0,5 A/cm2, it was difficult to maintain operation. 

[0077] On the other hand, under the relative humidity RH=50% damp environment, the graft film which 
introduced the super-strong acid radical of examples 1-7 was able to have comparatively high conductivity, 
was able to show 0.08 - 0.13 S/cm, and was able to operate the fiiel cell to stability under the dry condition 
so that drawing 2 might show. 

[0078] This by having used the electrolyte membrane as the graft film which carried out the graft of the 
polystyrene to the ETFE principal chain Reinforcement is enough maintained by existence of a crystalline 
high trunk domain, and it adds to the ability of ion exchange capacity to have been made high. Since the 
introduced acid radicals are super-strong acid radicals, such as a fluorine system sulfonic group with which 
the fluorination carbon of electronic suction nature adjoined the sulfonic group and the imide radical, and a 
fluorine system sulfonic-acid imide radical, the degree of dissociation of a proton is high under a damp 
environment, and it is because conductivity became high. 

[0079] Moreover, the class of introduced super-strong acid radical was the same, and when the examples 1-3 
and the example 4 of a comparison fi-om which ion exchange capacity differs were compared, since the 
example 4 of a comparison had little ion exchange capacity as 0.98 milliequivalent / g, the conductivity in a' 
damp environment showed 0.048 S/cm and a low value. It turns out that what is necessary is just to adjust 
suitably the amount of the side chain which carries out a graft to a side chain so that the ion exchange 
capacity of the super-strong acid radioed to introduce may become the optimal value fi*om this. 
[0080] On the other hand, although the perfluoro system electrolyte membrane of the examples 6 and 7 of a 
comparison has the super-strong acid radical, the membrane structure is a random copolymer, and since ion 
exchange capacity is high, crystallinity is falling. For this reason, as shown in Table 1 , there is not sufficient 
film reinforcement and cross leak of gas occvirred. 

[0081] However, like the example 5 of a comparison, by making ion exchange capacity low, the film can 
high-intensity[ high crystallization and ]-ize, and can control generating of leak of gas now. In this case, 
since ion exchange capacity fi'om the first was low, absolute conductivity was as low as 0.05 S/cm, and the 
conductivity in a damp environment was inadequate. For this reason, the fiiel cell using these film was not 
able to be operated to stability, although steady operation was tried in dry conditions. 
[0082] As for this invention, it is needless to say for alterations various in the range which is not limited to 
the above-mentioned example at all, and does not deviate fi*om the meaning of this invention to be possible. 
For example, although the above-mentioned example showed the example which used the polystyrene-graft- 
ethylene tetrafluoroethylene copolymer as a hydrocarbon system giant molecule, the other thing is 
applicable as mentioned above. 

[0083] Moreover, although the case of n= 4 was shown in examples 5 and 6 when it was n= 1 in ** 1 as a 
super-strong acid radical to introduce in the above-mentioned examples 1-3 and, other than this, it is alike 
and selectable suitably. Moreover, although the case of n= 4 and m= 0 was shown in ** 3 in the example 7, 
other than this, it is alike and selectable suitably. 

[0084] Moreover, it cannot adjust suitably so that the ion exchange capacity of the super-strong acid radical 
to introduce may become 1 .20 milliequivalent / more than g also about the amount of electron rays 
irradiated in case the graft of the side chain is carried out, and further, the creation approach of the high 
proton conductivity electrolyte of this invention etc. is not restricted to the above-mentioned example, and 
various kinds of technique is used. 
[0085] 

[Effect of the Invention] According to the high proton conductivity electrolyte of this invention, since the 
super-strong acid radical was used as an ion exchange group, also in a damp environment, the degree of 
dissociation of a proton is high and sufficient proton conductivity can be secured. Moreover, it is possible to 
make ion exchange capacity high, maintaining practical reinforcement by using the graft copolymer which 
carried out the graft of the polystyrene to the principal chain including C-F association as a hydrocarbon 
system giant molecule. Therefore, when this electrolyte is used suitable for the solid-state polyelectrolyte 
film of a polymer electrolyte fuel cell, it can be stabilized under a damp environment, and can generate 
electricity now, no hvimidifying and elevated-temperature actuation of a fixel cell, miniaturization by it, grant 
of freezing-proof nature, efficient-ization, etc. can be realized now, and the contribution to the industry of 
this invention is very l2irge. 
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* NOTICES * 
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[0 0 4 7] 
[ib9] 



[0 0 4 8] 

[^bi o] 



CH=CH2 



o 



[0 0 4 9] (^S^KfiCDSA) ^Xlzmh>*ltz^-7.<f 

7-trh>/7K (5 : 3) ;l^}§i«r'il3EffiSL. x;u;t^ 

U>ib;"l^iSjg*-e6 0**C-CJS(t*1±fr». 1. 1 fgfiO) 
^-3!h^>f^;i/7';U3— 1. 1 5fgMcD2. 6-Lu 



^b$^Totcp c^-e-7 8"c-c t -:^5^;u'J5=''^AjS* 

IwjljtL. 1. 2fgac75N FS i ^j!lP:^. Z^^y^^bL 
fzoMmiZA. IfifiCOL i B r/:/^y >^;"«*r*^ 

x;u7rx>{b^^37 hP^^jSLfco ccD|g^KflI^||S6 
^J1<i:L. ^C0=Kjt^^<b1 MZTTir (it^ 1 (i^5&-r 

[0 0 5 0] 

[^b 1 1 ] 



-(-CHa-CH-C Fa-C Fa -)-f CH2-CH2-C F2-C Fa-)- 
CH2 



CFz-SObH 



[005 1 ] >^tsiw-ma)m^) 'Xiz^^^s^^ 

OSSSfifiOaiSSt^ofco *t^T?. 2 N N a C I * 

!§iS*(=5 0'C"C?$ij1 O^PBlJij^Lfco ^<r>'^^ N a C 
I 7K;§5ft4'(cBtai**i.fc7Km-r:*->a^ O. IN Na 

(0 0 5 2] 

mi] [-f ;j->3<«lgfi, ag/g] =0. 1 X [<t> 
fOI=5LfcO. 1NNaOH*5gjS, I ] / [EOStJS 

g] 

[005 3] (.mmmoim^) ^izmmmom^ o 

a)jeMiR^a>S%m$2^'f5E3!£ (1 kH z) icfcLja) 



■C?fIL^ (*§S*;lJtRH= 5 0%-» 1 O 0%(DI11) . 

*E»Lfco -tLT, isiT©a2 5ei=«ky*®**»tij 

[O O 5 4] 

[a^Btsn. cm2] / [marp^ffisi, cm] 

[ o o 5 5 ] (moinm^mmm) '^izm^&ymm-ti^ 

fco --t?, (mm\z&-&mwti-7\i> (o. 4m 

ePt/cm2) i::^:7-<■:^->?giaA^'^>^^4-r>^$^ 
fli -IgfilLfcE-TEKSJELATA'XffiSEmiS) 
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mSits m\zX*lX7\^y (12 0*^5. 5 0kg 

[0 0 5 6] (K!^*4m?teK^^'^«S$EP«) ^XizmM 

ffiE«= 1 3 cm2a)-bju$fflixr-fe;usffi8 0^0. m 

fliM;S*nSfZ) K^Y^f^r. 0. .5 ax-c m 2(7)B3gg 

[0 0 5 7] (|gffi«»j2) 1 OkGy^t 

iwOL^rll^fe«l|1 tmmcomm • Pfiffistro/co 

-(-CHa-CH-C Fz-C Fa ->-f C Hs-CH 



[0 0 5 8] immms) m^Fmmm&^sokGyt 

[0 0 5 9] (Sltfie!j4) *t6ffli<o^*xs-e#p>*t 

*ALfro ■rJS*^**. ^bi OT*a**L'5^-xy^:7 h 
2 h^>$? :7;u?fa ':^p/^>x;U7n>K*l:: 2 



[0 0 6 0] 

[<bi2] 



OH 



H 



CFa 



[0 06 1] (Hffi^ijs) ^SfeffiJioi^'^^xfi-cfibn 
fco ■r'&*5*». ^bi 0T*a**t-5'<— x^^^:? his* N 



1 sir^-Tc 

[0 0 6 2] 

[^bi 3] 



-(-CHz-CH-C Rz-C R2 -^rf CHz-CH^-C Rs-C Fa-)^ 
(C F=2)^-SO 3 H 



[0-06 3] (SIJ6«6) ||ffi«IJ1(D^*XST*#t>*l 

p a > ^^bffi&^cD^;'Slc^;ST';l 
7 2B*HS;'a$«}*-r^c:<hlzJ:tj, K^CDX^ 



:7;u:;j-p:f^ > (FSO2- (CF2) 4~so2F) 

^iii6^j6^L. ^ag^yi ^f^ti(D;iiis • pa^^T^ 
f=o ca)Slffiffll6fl:)«565C$^bi 4iz:^-rc 

[0 0 6 4] 

[<bi 4] 



-(-CHa-CH-CFz-C F2->^CH2-CH2-C Rs-C F2->7 
<pH2 

^H-^3^CH2-N H SQb-(c FsJ^-SOaH 



[0 0 6 5] {mmmi) nmm^(r>m^Ji^xn^H 
:*"p^-r Ks*=&-r«^s \^it^m cpsoa- (cf 

2) 4~S02-"NH-S02-CF3) ^f^ffi^it 



[0 0 6 6] 

[^bi 5] 
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-(-CHa-CH-C F2-C F2 ->-f CHa-CHa-C F2-C Fa-4- 
"I2 



[0067] (ht:R^]1-3) Illft«ij1 --3(^)^4>Xg 

■ftlSkGy. lOkGy. 3 O k G y figSt Lfc^-X 

2. 2--Th^^PPJ:^> (TCE) 150ml ^AD 
^fco -tCD^. ^ nnX^U/f^^^S Om I (DTC E (1 

0 0ml) mm^isQ^. tB»L?S}&<p.S;a-eiftPBi. 9 

(i. (1) TCE. (2) fitter (3) x^y- 

)U (SISTCE*»^-r€»f=d^)) . (4) m^^>^(0 

-<-CH2-CH-C Fz-C Fa ^-f CH 



IUfcSau. ^^Lfzo *l::2NKOH*J§?S43(C8 0 
^frofco MfCl N H 2S0 47K»jftfr7 5 — 95 

1. itK«iJ2. tt;Ki5iJ3i:L. SlJifiW 1 <i:l^«(D^flS • 
Wtt^fTofco c*lC>M:K«!I 1 -3<D«iSiCS^bl 6IC 

[0068] 
[^k 1 6 ] 

CHa-C Fa-C Fa->; 



[00 6 9] (i±»^j4) K-x^^:7 hfli^iSB^tDm 

•^nitaft* 1 k G y i: Lfcjum*. njfeffii 1 tmmo 

[007 0] (it^ms) ^ h^^'^U;^ PX^U>i:X 
1 1 1 *ht««IJ 5 t L. Slifi«IJ 1 tmmCDm^ ' Wffi* 

[007 1] at^me^ 7) ti:^met-(:t>^^^ 



[0 0 7 2] iiJL±0>J:3lwflFSlLfc«'m<7)l$gllfe14^il:;:9!l 
^ • l¥fiffijSS(^olxr<7)-S^*^1 ic^-To ^tr. m 
^\fm}^&^i^ (ffl>Pf;1JgRH= 1 0 0%) (Cfc(t*-< 

sjgRH = 5o%) iztsif^-f:^:y^^nmitmmm<D 

[O O 7 3] 

[a 1 ] 













<S/cm) 


(S/cm) 






(mm) 






RH = 1O0% 


RH«509i) 




Ph-CFa— SO3H 


0. 023 


1. 2 


0 


0. 18 


0. 08 




PK— CFg— SO3H 


0. 029 


1. 59 




0. 29 


0. 12 




Ph-CFe-SOgH 


0. 029 


1. 96 




0. 36 


0. 13 




Ph-CCCFg) (OH)-CF2— SOgH 


0. 033 


1. 73 


0 


0. 32 


0. 12 




Ph-<CF2)4— SOgH 


0. 035 


1. 51 


0 


0. 27 


0. 11 




Ph-CH^-NH-SOa— 
(CFfi)4-'S03H 


0. 03B 


1. 35 


0 


0. 24 


0. 1 




Ph-CHa-NH-SOg- 
(CF2)^-S02-NH— S02— CF3 


0. 04 


1. 2 




0. 23 


0. 1 




Ph-SOaH 


0. 023 


1. 28 


0 


0. 13 


0. 015 




Ph-SOgH 


0. 029 


1. 72 


0 


0. 25 


0. 045 




PK— SO3H 


0. 033 


2. 17 




0. 31 


0. 054 




Ph-CFg-SOaH 


0. 021 


0. 98 




0. 15 


0. 048 




Rf-SOaH 


0. 033 


0. 96 




0. 23 


0. 054 




Rf-SOaH 


0. 029 


1. 05 


A 


0. 25 


0. 074 




Rf-SOgH 


0. 033 


1. 21 


X 


0^ 29 


0. 1 



[0074] ai J:y. x^Uv-T^ h^7;U:i-ax^ U^^M^ttK (ETFEK) l=7K'JX^U>*^f^:7 
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e«1-7. ^>-tf>X;U7t-x>KS^«ALtrlt«i^1 - 
[007 5] *fc. It««ll1 -3(D^^:7 hflif*. gl 

1. 2irfci+^)Sa (4i>t>rsjeRH = i 0 0%) t^u 
(+sJ^?EJtRH = 5 0%) (cfc(t^#m^$iti^ Lr^ 

^i:. -r7|->3£lfeS«;6<l . 2 S U ^S/ g 
fcto. SSB#(7)*S?E|±0. 13-0. 3 1S/cmi: 
IfcfeWiBL^ttOCD. fiSKt?(7)3?a*(*0. 0 5 4 S/ 
cmfelT-e. ffiSfta>1/5-1/6i:SL<fiTL 

[0 0 7 6] C*Lfi. It«ffl1 '-3(7>y^>' hKI*. « 

[0 0 7 7] mmm^ --7 (om^m&^mxLfz 

5 0%CD«;S«d^TlCfctNTt. «® *A<ltS!MS < . 
0. 08-0. 13S/cm$^L. K^-f S^f*Tr::fc 

[0 0 7 8] ETFE^^IctK'J 

[0 0 7 9] ^fz. mALfzm^m&commfimc'c. 
^ is- >^ik^mtmu ^ mmm i - a u:^m ^t^it 
K L tzm-^. ttmm 4 >3^^#m7!)< o . 9 s 5 'j 

^»/gi:'>^^:l^fctf). fisaSi^fcit-SSa^fio. 

0 4 8s/cm<^^gl^^l^^Lfro d (D c <!: cfc y . mx 
[0 0 8 0] ite£i5ij6. 7(D/<-yji^:taw^mm 

[0 08 1] L*xL<i:3b<t,Jt»«5(Z>J:aic. -f:i->3E 



^*tfi<J^tSm^/)<0. 05S/cm<!:fi<. «SS 

^mi^tzmmmTti'S: K^'<^#^cfct^T^^se^K^ 
[0 0 8 2] ±vdmmm\z^h>m^ts*ii>^ 

[00 8 3] 3|A-r€)S34»St LT. ±SBII!fi 

«^J1 -3^zfcL^-C(i<b1 (rfcl>T. n = 1<Dii-&^. 
tz. Sltfe«lj5. 6lCfcU^n*n = 4(Dii^^^LyrA<. 

ICfclxri*<b3(zfct\r. n=4. m=Oa)ii-&*^L 

[0 0 8 4] ^tz. mm^^f'yyh^^mizmmi-^m 
7b<i . 2 o s u^s/g Ja±^c7E^i>J:3agl:iJ|^-c^-5> 

[O O 8 5] 

nm7&(o@»m^^mmnm\ziffmizmi^fzm^. «;s 

<7 hit. mTSLm^on^. mi&imitm^mmx^^^5 
[s^cDsm^fg^B^] 

[s 1 ] :*^^BM(Dmmmv&^^mm^m&^mxLtz 
<f^zphm\z-Dl^x. nmmmfA (««s«rh = i o 

0%) izfclt^-f ;t->^^gS<t«S^<DBI«*Jt«filJ 
ct (7) *rit I w t ^ r ^ L H T* & -5 o 
[02] *f§l«(DllJ6«T'fcS#flffiKKS*«ALfc 

^^^3? h^lc-^L^r. fiSJS^iUt (ffl>t*;gSRH = 5 o 

CO It I c ^3 1 ^ r ^ L y-- g] r- -6 o 
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[01 ] 
4S>^SS RH =10096 




0.4 0.60.8 1.0 1.2 1.4 1.6 1.8 2.02.2 



0. u 

_ 0.12 
E 

o 0.10 
\ 

(0 0.08 

g 0 .04 



0.00 



[02] 
ffi^SS R H =50% 





5o 


03 

04 




/7o 06 






1 1 o 








•2 y 


1 


•1^^ 





0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.02.2 



7P> h'^-i?©^^ 

S*a!^SftilBg^^Br:»;^S»:!^fiijt4i S 

(72)f!^$ 

g*P!Sgfllll5gi^^BT:*:^«3*^<tii41S 
Sft)!l§fiifBfi^J.#Br:*:^fti(;^1til4is 

(72>«|B# OjGB ^f* 

SftIil)UJ«m^BBi2TB 1 »i6 7'(-> 



(72)flBB# iiJ^ 

gftl!l*J«mSBHBT2Ta 1 T'fi' 

F^t-A(##) 4J026 AA12 AA26 BA05. BB01 CA09 

DB05 GA08 GA10 
4J100 BA56H BA59H BB12H BB18H 

HA61 HB53 HB61 HC13 H609 

JA15 JA43 
5G301 CA30 CD01 
5H026 AA06 CX05 EE18 EE19 



